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ABSTRACT

Sterically demanding, sulfonated arylphosphines TXPTS and TMAPTS have been applied to the aqueous-phase Heck and Suzuki coupling of
aryl bromides. TXPTS provides good yields of Heck coupling products from aryl bromides at 80 °C, while both TMAPTS and TPPTS gave
significantly less active catalysts. TXPTS is the first ligand to promote the aqueous-phase Heck coupling under such mild conditions. Both
TXPTS and TMAPTS provide active catalysts for Suzuki couplings of aryl bromides at 50 °C.

Water continues to attract significant attention as an alterna-
tive solvent in organic synthesis due to its low cost, toxicity,
and environmental impact. Water is particularly attractive
in certain metal-catalyzed processes where a water-soluble
catalyst can be separated from an organic product stream
and potentially recycled.1 Water-soluble ligands are com-
monly used to give hydrophilic catalysts that will be retained
in the aqueous phase. The most commonly used water-
soluble ligand is tri(3-sulfonatophenyl)phosphine (TPPTS),
which was originally developed by Rhone-Poulenc for use
in the aqueous-phase hydroformylation of propylene.2

TPPTS has been successfully used as a water-soluble
replacement for triphenylphosphine in a variety of catalytic
processes. TPPTS in combination with palladium has modest
activity in the aqueous-phase Suzuki,3 Heck,3a,4and Sonoga-

shira3a,4a,5cross-coupling reactions. To date, these systems
have been largely limited to couplings of aryl iodides, while
couplings of aryl bromides have required high temperatures
or activated substrates. Modest activity for aqueous-phase
Suzuki couplings of unactivated aryl bromides has been
observed recently using high catalyst loadings of Pd/TPPTS,3c

while aqueous-phase Heck couplings of unactivated aryl
bromides require high temperatures (100-150°C).6 The
Suzuki coupling of activated aryl chlorides using a nickel/
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TPPTS catalyst system has also been reported.7 Aqueous-
phase couplings of aryl bromides using high loadings of
ligand-free catalysts have also been reported in the presence
of surfactants.8 For this method to be more widely applicable,
catalysts with improved generality for coupling of unacti-
vated aryl bromide and chloride substrates under mild
conditions must be identified. Although a variety of water-
solubilizing groups have been appended to the tri-
phenylphosphine structure,6,9 little effort has been devoted
to modifying the steric and electronic properties of water-
souble arylphosphines. In contrast, electron-rich, water-
soluble alkylphosphines with a range of cone angles have
been prepared.10

Tri-o-tolylphosphine has been found to be superior to
triphenylphosphine in many palladium-catalyzed cross-
coupling reactions.11 In an effort to identify more efficient
ligands for aqueous-phase cross-coupling reactions, we have
prepared sulfonated triarylphosphine ligands containing ortho
substituents. The synthesis of tri(4,6-dimethyl-3-sulfonatophen-
yl)phosphine trisodium (TXPTS, Scheme 1) has been previ-

ously reported.12 Tri(4-methoxy-6-methyl-3-sulfonatophen-
yl)phosphine trisodium salt (TMAPTS) was prepared in a
similar fashion as a more electron-rich analogue of TXPTS.
We have previously reported that TXPTS gave significantly
more active catalysts than TPPTS for the Suzuki coupling

of halogenated nucleosides.13 Herein, we report the ability
of TXPTS and TMAPTS to promote Heck and Suzuki
couplings of simple aryl bromides.

The activity of catalysts TXPTS, TMAPTS, and TPPTS
in combination with Pd(OAc)2 were initially screened in the
Heck coupling of 1-ethyl-4-iodobenzene and styrene at 80
°C (eq 1, Figure 1). The catalyst derived from TXPTS gave

complete conversion to product in 2 h. TPPTS and TMATPS
in combination with Pd(OAc)2 gave approximately 30%
yields of the stilbene product after 2 h, while Pd(OAc)2 alone
gave very little product. The screening was repeated with
4-bromotoluene under the same conditions. TXPTS/Pd-
(OAc)2 again gave a good yield (77%) of stilbene product
after 2 h at 80°C. The catalysts derived from TMAPTS and
TPPTS gave lower yields of the desired product (40 and 28%,
respectively), while essentially no product was observed in
the absence of ligand. To our knowledge, this is the first
Heck coupling of unactivated aryl bromides to occur below
100 °C using water-soluble arylphosphine ligands.

The scope of the TXPTS/Pd(OAc)2 catalyst system was
explored using a series of aryl halides (Table 2). Coupling
of 1-ethyl-4-iodobenzene and styrene gave 4-ethylstilbene
in 90% isolated yield (entry 2). Good to excellent yields were
also obtained in the coupling of aryl bromides and styrene
to give substituted stilbenes. Both electron-donating and
electron-withdrawing substituents gave excellent yields of
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Scheme 1. Synthesis of TXPTS and TMAPTS

Figure 1. Comparison of GC yields for the Heck coupling of
1-ethyl-4-iodobenzene or 4-bromotoluene and styrene (eq 1).
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functionalized stilbenes. Introduction of an ortho substituent
on the aryl halide resulted in a somewhat decreased yield of
product (entry 4). Attempts to couple 2-bromo-m-xylene with
styrene gave none of the desired product. Butyl acrylate was
slowly hydrolyzed under the coupling conditions, but sodium
acrylate gave good yields of cinnamic acid derivatives after
acidic workup. Again both electron-rich and moderately
sterically demanding aryl bromides gave good yields.

The activity of TXPTS and TMAPTS were next compared
to that of TPPTS in a standard Suzuki coupling of a
nonactivated aryl bromide, 4-bromotoluene, and phenyl-
boronic acid using Pd(OAc)2 (0.05 mol %), ligand (0.125
mol %), and sodium carbonate in a 1:1 mixture of water
and acetonitrile (eq 2). At 80°C, all ligands gave complete
conversion within 1 h (Figure 2). Catalysts derived from Pd-
(OAc)2 and the sulfonated phosphines were only slightly

more active than Pd(OAc)2 alone. At 50°C, catalysts derived
from TXPTS and TMAPTS gave higher yields than the
catalyst derived from TPPTS. After 2.5 h, TXPTS gave a
78% yield (1600 mol product(mol Pd)-1, TOF ) 620 mol
product(mol Pd‚h)-1) and TMAPTS gave a 68% yield (1400
mol product(mol Pd)-1, TOF ) 540 mol product(mol
Pd‚h)-1), while TPPTS gave only a 48% yield (960 mol
product(mol Pd)-1, TOF ) 380 mol product(mol Pd‚h)-1).
After 5 h, the TXPTS system showed little additional

Table 1. Heck Coupling of Aryl Bromides with
TXPTS/Pd(OAc)2

a See Supporting Information for experimental conditions.

Table 2. Scope of Suzuki Coupling with TXPTS or
TMAPTS/Pd(OAc)2

a See Supporting Information for experimental conditions.
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conversion, while both TMAPTS and TPPTS gave higher
yields than after 2.5 h. After 5 h, the TMAPTS system gave
a slightly higher yield than the TXPTS system. In the absence
of ligand, no product was formed at 50°C.

The scope of Suzuki couplings catalyzed by TXPTS and
TMAPTS in combination with Pd(OAc)2 (2.5 mol %) was
tested for a variety of aryl bromide and arylboronic acid
combinations (Table 2). Both ligands gave very similar
results under these conditions. Excellent yields (90-99%)
were obtained with sterically unhindered, electron-rich
(entries 2 and 3) and electron-deficient (entries 5-7) aryl
bromides. Similarly, boronic acids with electron-withdrawing
(entry 3) or electron-donating substituents (entries 4 and 6)
gave high yields. For these sterically unhindered substrates,
similar yields were obtained at 50 and 80°C.

Catalyst systems derived from TXPTS and TMAPTS do
show some sensitivity to ortho substituents. Coupling

4-bromo-3-methylanisole and phenylboronic acid at 80 and
50 °C gave excellent yields of the coupling product (entry
8). Couplings of 2-tolylboronic acid with 4-bromotoluene
using TMAPTS gave an 86% yield at 80°C and a 67% yield
at 50 °C (entry 9). Similarly, couplings to give a 2,2′-
dimethylbiphenyl product occurred in excellent yield at 80
°C, but the yield dropped from 90 to 75 and 85%,
respectively, for the TXPTS and TMAPTS systems at 50
°C (entry 10). 2-Bromo-m-xylene gave somewhat lower
yields of 2,6-dimethyl-substituted biphenyl products (78-
87% yield) at both 50 and 80°C. Attempts to prepare 2,2′,6-
trimethylbiphenyl from 2-bromo-m-xylene ando-tolylboronic
acid were unsuccessful.

In conclusion, TXPTS in combination with palladium
acetate provides active catalysts for Heck and Suzuki
couplings of aryl bromides at modest temperatures. TXPTS
is an air-stable ligand that can be prepared in two steps from
PCl3. While catalysts derived from TXPTS are only mod-
erately more active than those derived from TPPTS for the
Suzuki coupling, the TXPTS system provides a significant
advantage in the Heck coupling of aryl bromides. Using
TXPTS, we have achieved the first Heck couplings of
unactivated and deactivated aryl bromides under relatively
mild conditions in aqueous solvents.
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Figure 2. Comparison of L/Pd(OAc)2 activity in the coupling of
4-bromotoluene and phenylboronic acid.0 ) TXPTS, 80°C; 4 )
TMAPTS, 80 °C; O ) TPPTS, 80°C; ] ) no L, 80 °C; 9 )
TXPTS, 50°C; 2 ) TMAPTS, 50°C; b ) TPPTS, 50°C; [ )
no L, 50 °C.
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